Based on 69 scanned Chinese male subjects and 25 Caucasian male subjects, the present study showed that the volume height index (VHI) is the most important visual cue to male body attractiveness of young Chinese viewers among the many body parameters examined in the study. VHI alone can explain ca. 73% of the variance of male body attractiveness ratings. The effect of VHI can be fitted with two half bell-shaped exponential curves with an optimal VHI at 17.6 l m À2 and 18.0 l m À2 for female raters and male raters, respectively. In addition to VHI, other body parameters or ratios can have small, but significant effects on male body attractiveness. Body proportions associated with fitness will enhance male body attractiveness. It was also found that there is an optimal waist-to-hip ratio (WHR) at 0.8 and deviations from this optimal WHR reduce male body attractiveness.
INTRODUCTION
The notion that male body attractiveness is a reliable indicator of male qualities was proposed by Wallace as an alternative to Darwin's good taste explanation (Cronin 1991) . This alternative explanation assumes that: (i) a reliable connection exists between body attractiveness and male quality; (ii) male attractiveness is an indicator of some components of fitness such as health and vigour; and (iii) females detect and use this indicator for choosing a mate (Singh 1995b; Shackelford et al. 2000) .
In contrast to the considerable investigations of the female attractiveness (Singh 1993a (Singh ,b, 1994a (Singh ,b, 1995a Furnham et al. 1997 Furnham et al. , 1998 Tovée et al. 1998 Tovée et al. , 2002 , 2001 Fan et al. 2004) , less work is reported on the body attractiveness of males.
The waist-to-hip ratio (WHR) is considered as an important measure of the health of both men and women as it is related to the distribution of fat between the upper and lower body and the relative amount of intra-versus extraabdominal fat. The degree of obesity is positively correlated with WHR in both men and women (Hartz et al. 1984; Jones et al. 1986; Shimokata et al. 1989) . The typical range of WHR for Caucasian men had been reported to be 0.80-0.95 ( Jones et al. 1986; Marti et al. 1991) . Singh (1995b) investigated the role of WHR in the male body attractiveness as viewed by females. In his study, 87 women volunteers (68 white and 19 hispanic) aged between 18 and 22 years ranked 12 line drawing stimuli of male figures representing four levels of WHR and three levels of body weight. The results showed that the stimulus whose WHR is 0.9 was overwhelmingly ranked as the most attractive out of all stimuli. This finding was also confirmed with German men in a separate study using the same line drawing stimuli. Maisey et al. (1999) considered two new body parameters in addition to WHR, namely waist-to-chest ratio (WCR) and the body mass index (BMI). In their study, 30 female undergraduates (average age: 20.6 years, s.d. 1.4) rated colour pictures of 50 men in front view. Multiplepolynomial regression was used to identify the parameters that were the best predictors of male attractiveness. WCR was found to be the principal determinant of attractiveness and accounted for 56% of the variance, whereas BMI accounted for only 12.7% of additional variance. WHR was not a significant predictor of attractiveness in the model. Their finding means that women prefer men whose torso has an 'inverted triangle' shape (i.e. a narrow waist and a broad chest and shoulders). This is a shape consistent with physical strength and muscle development in the upper body. The relatively less importance of BMI in male attractiveness is in sharp contrast to the significance of BMI in determining female attractiveness (Tovée et al. 1998; Fan et al. 2004) .
In the present study, three-dimensional (3D) male body images were viewed and rated in terms of body attractiveness, and the relationship between the male body attractiveness and the body measurements and ratios are investigated.
SAMPLES AND METHODS
The subjects were 25 Caucasian males and 69 Chinese males with BMIs ranging from 17.4 to 30.7 kg m À2 (the corresponding volume height index (VHI) ranged from 15.2 l m À2 to 44.2 l m
À2
). They were scanned using a [TC] 2 body scanner (Davis 2001 ) to obtain 3D body measurements, which were then used to create 3D wire-frame male body images and short film clips by MAYA software for viewing and rating the attractiveness. Each film clip was standardized in the same way as reported in a previous paper (Fan et al. 2004) . The body image rotates 360 during viewing. The descriptive statistics of the important biometric measures of the 94 male subjects are listed in table 1.
An example of the 3D male image is shown in figure 1. Forty-three young Hong Kong Chinese (20 male, aged 20-35 years; 23 female, aged 20-30 years) were invited to rate the scanned male images in terms of body attractiveness on a nine-point Likert scale (1 the least attractive, 9 the most attractive). The meaning of 'attractiveness' was defined and explained to the rater as 'beauty of body'.
In this paper, VHI is defined as the total body volume divided by the stature height in litres per square metre. The volumes of the male images were calculated using Rapidform Basis (INUS 2004) . The VHI defined in the present paper is linearly related to the VHI Ã defined in our previous paper (Fan et al. 2004) , which is the volume excluding the head and feet divided by the chin height (viz. the height from chin to feet):
Here, both VHI and VHI Ã are in litres per square metre. All data on scanned male subjects were analysed by using SPSS. 
RESULTS ANALYSIS
(a) Comparison of attractiveness ratings by male and female raters For the male raters, the s.d. of ratings ranged from 0.88 to 1.68; and for the female raters, the s.d. ranged from 1.01 to 1.76. The average attractiveness ratings (AR) by female raters were compared with those by male raters using the Wilcoxon signed-rank method. The results (z ¼ À4:653 (based on negative ranks); asymp. sig. (twotailedÞ ¼ 0:000 < 0:05) indicated some statistical differences between the ARs by female and male raters. Detailed comparison of ARs by male raters (ARMs) and ARs by female raters (ARFs) revealed that ARMs are slightly greater (4.3% on average) than those of ARFs, although they are Visual perception of male body attractiveness J. Fan and others 221 strongly related (r 2 ¼ 0:872; p < 0:01). This means that although there is very good agreement between the two genders on male body attractiveness as predicted by the mate-selection theory (Tovée & Cornelissen 2001) , females tend to have slightly higher expectations of male body attractiveness than males themselves do. By one-sample Kolmogorov-Smirnov testing, we obtained the following result: for female raters, Kolmogorov-Smirnov Z ¼ 1:187 with asymp. sig. ðtwo-tailedÞ ¼ 0:120; for male raters, Kolmogorov-Smirnov Z ¼ 1:253 with asymp. sig. ðtwo-tailedÞ ¼ 0:087. ARF/ARM is of normal distribution, which means that raters agree that image A is more or less attractive than image B.
(b) Effects of waist-to-chest ratio, body mass index and waist-to-hip ratio Maisey et al. (1999) identified WCR, BMI and WHR as main factors of male body attractiveness. The effects of these parameters on ARs are further examined in this study. Figure 2a ,b plots the ARs of female raters and male raters versus BMI, respectively. The similarity between figure 2(a) and 2(b) is owing to the high correlation between the male and female assessments of the same male body. It can be seen that there tends to be a weak negative correlation between ARs and BMI. The r 2 for ARFs versus BMI is 0.299 and that for ARMs versus BMI is 0.161. Figure 3a ,b plots the male ARs of male raters and female raters versus WCR, respectively. There is a significant difference between WCR and BMI (Z ¼ À8:329 with asymp. sig. (two-tailed) ¼ 0.000 based on Wilcoxon signed ranks test). WCR has a stronger negative correlation with ARs than BMI (r 2 ¼ 0:545 and r 2 ¼ 0:507, respectively). Male bodies having lower WCR values tend to have higher AR within the range of male bodies investigated, which is in agreement with the findings of Maisey et al. (1999) . Figure 4a ,b plots the male ARs of male raters and female raters versus WHR, respectively. There is also a moderate linear relationship between WCR and male AR (r 2 ¼ 0:450 and r 2 ¼ 0:487, respectively). It is obvious from figure 4a,b that there is an optimal WHR for male body attractiveness. The optimal WHR for the range of male bodies investigated is ca. 0.8.
Following Maisey et al.'s (1999) approach, we applied multiple linear regression with a stepwise variable selection method with ARMs or ARFs as the dependent variable and WCR, BMI and WHR as potential independent variables. The analysis showed that, for both ARFs and ARMs, WCR was chosen as the most important factor and accounted for 53.6% and 49.6% of the variance, respectively. BMI was chosen as the second significant factor for ARs by female raters and accounted for only 4.3% of additional variance; WHR was chosen as the second significant factor for ARs by male raters and accounted for only 3.5% of additional variance. These results are in good agreement with what was reported by Maisey et al. (1999) , whose results were only for the male attractiveness assessed by male raters.
(c) Interrelationships between key biometric ratios and male attractiveness With reference to Singh (1995b)'s work, there could be an optimum WHR and the deviation from the optimum WHR is related to male attractiveness. To find out the value of the optimum WHR, we first assumed it to be a value between Table 2 . Correlation between key biometric ratios and male AR. :65, 0.70, 0.75, 0.79, 0.80, 0.81, 0.82, 0.85, 0.90, respectively . We then calculate the Pearson correlation between the respective AWHRs and ARF and ARM. It was found that the correlation between abs(WHR-i) and ARF or ARM was the highest when i ¼ 0:80, which is À0.704 and À 0.767, respectively. It was believed that the optimum WHR for our group of male samples is 0.80.
Key biometric ratios such BMI (body mass index). VHI (volume height index), WCR (waist-chest ratio), AWHR, SHC (stomach-chin height ratio) were included for Pearson correlation analysis. The results are listed in table 2.
It is clear that VHI has the strongest correlation with male body attractiveness. The second parameter is WCR, followed by abs(WHR À 0:8), WHR and then BMI. This means that VHI is a more important factor than WCR and BMI, and the deviation of WHR from its optimal value affects the male body attractiveness, rather than WHR itself. Figure 5a ,b shows the plots of the male ARs versus VHI. As can be observed, there is an optimal VHI for male attractiveness. The effect of VHI on male body attractiveness is not linear. The relationship between VHI and ARFs or ARMs can be best fitted with a bell-shaped exponential curve: , respectively. As VHI deviates from the optimal value, AR reduces. When VHI is far from the optimal value, AR will approach the minimum rating. This trend can be explained by the response compression theory in psychophysics.
(d) Volume height index versus male AR
From the plots shown in figures 2-5, it can also be seen that there are various degrees of differences between Chinese and Caucasian male images in terms of the effect of BMI, WCR, WHR or VHI on ARF/ARM. The difference is more pronounced for the effect of BMI, but much less for the effect of WCR, WHR or VHI. This may be caused by the racial differences in mass-volume relationship and body proportions other than WCR, WHR and VHI.
(e) Relationship between AR and other male body physical parameters by the principal component analysis method To find out how other body proportions, in addition to VHI, affect the perception of male body attractiveness, 18 key body ratios were considered. They include the ratios of vertical measurements such as the ratio of waist height over chin height, the ratios of horizontal measurements such as WHR, the ratios of width over depth such as ratio of waist width over waist depth, etc.
Principal component analysis (PCA) in SPSS was first applied to examine collinearity and extract key components. The results shown in table 3 indicate that five independent components can be extracted with eigenvalues greater than 1.0. Table 4 shows the correlation between the five principal components and the body ratios. Component 1 (C1) is related to the majority of the ratios and is hence a measure 
)
Visual perception of male body attractiveness J. Fan and others 223 of the appropriateness of the main body proportions. Component 2 (C2) is mainly related to the ratios of horizontal dimensions (such as chest girth, waist girth and hip girth) over waist measurement. Component 3 (C3) is mainly related to the proportions in the vertical direction. Component 4 (C4) is mainly related to the relative position of the waist in vertical and horizontal directions. Component 5 (C5) is mainly related to the proportions of the lower torso, especially abdomen and hips. The effects of these five independent components on male body attractiveness were analysed using the stepwise variable selection method in multiple linear regression. In this analysis, the actual ARFs or ARMs were considered as the dependent variable, and ARs predicted by equation (3.1), and the five components as potential independent variables. The components selected with significance level of p < 0:05 ðt ¼ 2:04Þ are C1, C2 and C5. Tables 5 and 6 list the prediction models derived from the multiple linear regression. Taking into account the effects of these three parameters for the male body, ARs can be predicted using the following equations:
where ARFP Ã and ARMP Ã are the ARs by female raters and male raters predicted by VHI alone using equation (3.1). The component scores C1, C2 and C5 are component scores which can be calculated from The negative effect of C1 can be understood as a smaller C1 is associated with better ratios of horizontal measurements over vertical height and relatively flat body shape, which is associated with fitness. In other words, an obese male with larger waist girth, hip girth or chest girth over chin height has poor body attractiveness. Also because C1 is positively related to abs(WHR-0.8), greater deviations of WHR from the ideal value of 0.8 will increase C1 and hence reduce the body attractiveness.
The negative effect of C2 can be interpreted that the smaller the waist girth in relation to chest, abdomen and hip girth, the more attractive the body shape tends to be. The positive effect of C5 can be explained by the fact that a smaller hips width over depth (i.e. greater prominence of hips) and a greater ratio of waist girth over stomach girth (i.e. smaller stomach) will enhance male body attractiveness.
CONCLUSIONS
In this paper, male body attractiveness by young viewers was investigated based on 69 Chinese male subjects and 25 Caucasian male subjects. We first analysed the relationship between male attractiveness and the three body parameters as proposed by Maisey et al. (1999) , WCR, BMI and Visual perception of male body attractiveness J. Fan and others 225 WHR. The results showed that for both female and male observers, WCR was the most important factor of male attractiveness among the three. This finding is to some extent consistent with that of Maisey et al. (1999) . Further analysis of the relationship between male ARs and body ratios showed the following.
(i) Among the body ratios considered, VHI is the most important visual cue to male body attractiveness, which explains ca. 73% of the variance. The effect of VHI can be fitted with two half bell-shaped exponential curves with an optimal VHI for female raters and male raters at 17.6 l m À2 and 18.0 l m À2 , respectively. VHIs of either greater or less than the optimal value will reduce male body attractiveness. As VHI deviates from the optimal value, the rate of reduction in AR increases and then reduces. When VHI is far from the optimal value, AR will approach a minimum rating and changes in VHI cause little further reduction in AR.
(ii) Apart from VHI, other body parameters or ratios representing the appropriateness of body proportions, can have small, but significant effects on male body attractiveness. These parameters include the relative positions of body parts in the vertical direction, the ratios of horizontal dimensions, and the shape and appearance of important parts, i.e. the waist, chest and hip. (iii) The ideal WHR for male body attractiveness is 0.80. This is smaller than the ideal value of 0.9 reported by Singh (1995b) . The difference may be caused by the different racial backgrounds of the viewers.
